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I, Louis David Carlo, a citizen of the 
United States of America of 4206 Bailey 
Avenue, Cleveland, Ohio 44113, United 
States of America, do hereby declare the 
invention, for which I pray that a patent 
may be granted to me, and the method 
by which it is to be performed, to be par- 
ticularly described in and by the following 
statement : — 

The present invention relates to apparatus 
for forming a contoured cylindrical blank 
having diameters which vary in an axial 
direction, and to a method of forming such 
a blank. 

Many metal forming operations require 
spaced forming rolls for changing the ex- 
terior shape of an elongated workpiece pass- 
ing between the rolls. For instance, in a 
tube mill, a thin strip or skelp of metal is 
passed between a series of spaced forming 
rolls. These rolls bend the skelp into a 
tube so that it can be subsequently welded 
together along a longitudinal seam. In 
metal forming mills, a strip of metal is 
passed between spaced forming rolls hav- 
ing complementary outer contours so that 
the strip assumes the shape determined by 
, the contours of the rolls. Other forming 
apnaratus extensively used in industry also 
Use spaced forming rolls. Consequently, 
because of the various uses, there is a 
demand for a substantial number of these 
contoured rolls. 

According to the invention, there is pro- 
vided an apparatus for forming a contoured 
cylindrical blank having diameters which 
varying in the axial direction, including an 
extruder for forcing a mouldable material 
[Price 45. 6/J 



through an orifice; means for controlling 
the diameter of said blank, said means being 
in the region of said orifice; said diameter 
control means including a shutter having a 
generally circular opening through which 
said material is forced, and means for chang- 
ing the diameter of said circular shutter 
opening as said material passes through 
said opening to change the external dia- 
meter of said extruded material; and re- 
mote means for controlling said diameter 
changing means in accordance with a pre- 
selected pattern whereby said material has 
a contoured outer surface with diameters 
varied in an axial direction. 

According to the invention, there is also 
provided a method of forming a contoured 
cylindrical blank having diameters which 
vary in the axial direction, including the 
steps of extruding a mouldable material 
which includes finely divided metal particles 
through a circular opening; changing, by 
means remote from the extruder, the dia- 
meter of said circular opening during the 
extruding step; and controlling said dia- 
meter changes to impart to said blank an 
outer contour generally corresponding to 
the desired outer contour of the forming 
rofl. 

By using a mixture of a curable plastics 
material, such as an epoxy resin, and finely 
divided particles of steel as the formable 
material being extruded through the orifice, 
the resulting extruded blank may be used 
as the blank which is finish ground into a 
forming roll. This arrangement has proven 
quite satisfactory in practice. The life of a 
forming roll formed in this manner, although 
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often not as great as the life of a solid steel 
forming roll, does present a substantial sav- 
ing because of drastic reduction in the cost 
of manufacturing the rolL 
5 Features and advantages of the invention 
will be apparent from the following descrip- 
tion of embodiments thereof, oven by way 
of example, in conjunction with the accom- 
panying drawings, in which: 

10 Figure 1 is a cross-sectioned, side eleva- 
tional view showing, somewhat schematic- 
ally, the preferred embodiment of blank 
forming apparatus according to the present 
invention; . 

15 Figure 2 is an enlarged view snowing, m 
more detail, certain aspects of the embodi- 
ment shown in Figure 1; , 

Figure 3 is an enlarged cross-sectional 
view taken generally along line 3 — 3 of 

20 Figure 1; ,.,,«. 
Figure 4 is a top plan view of an element 
used in the embodiment of the invention 
shown in Figures 1 — 3; 

Figure 5 is a top plan view illustrating a 
25 modification of the element shown in 
Figure 4; „ f 

Figure 6 is a partial side view of the ele- 
ment shown in Figure 4; 
Figure 7 is a partial front elevational view 
30 illustrating, somewhat schematically, a sub- 
sequent processing step of the method ac- 
cording to the present invention; 

Figure 8 is a reduced, schematic view 
illustrating a further modification of the 
35 apparatus shov/n in Figures 1 — 3; 

Figure 9 is a partial, bottom plan view 
illustrating a further modification of the 
apparatus shown in Figures 1 — 3; and 
Figure 10 is a partial, cross-sectional view 
40 taken generally along line 10 — 10 of 
Fisure 9. 

Referring now to the drawings wherein 
the Figures are for the purpose of illustrat- 
ing preferred embodiments of the invention 

45 only and not for the purpose of limiting 
same, Figures 1—3 show an apparatus A 
for forming a blank B by extruding the 
blank along a feedline a. The blank B, 
which is for subsequent use as a forming 

50 roll, has an outer contour b with the ex- 
ternal diameters varying in an axial direc- 
tion. For instance, the sections m, q, are 
cylindrical in shape with uniform diameters, 
sections n t p, are frusto -conical in shape 

55 with diameters varying linearly along the 
axis of the blank, and section o is semi- 
circular in longitudinal cross-section with 
the diameters decreasing and then increas- 
ing. It will be appreciated that a variety 

60 of other shaoes can be produced by appara- 
tus A. Apparatus A includes, as basic 
elements, extrusion head 10, diameter 
changing mechanism 12, device 14 for con- 
trolling the mechanism 12, and a program- 



ming device 16 for monitoring the control 65 
device 14. 

Referring now more particularly to the 
extrusion head 10, this head includes a cas- 
ing 20 having annular hearing chambers 22, 
an inner bore 24 and an orifice 26 formed 
within a ring 28. Within bore 24 there is 
provided a spider 30 having radially extend- 
ing support legs 31 and an axially extending 
plug 32 which includes an outer surface 34 « 
and a rounded nose 36. Movable within 
bore 24 is a ram 40 including an operating 
rod 42 and a piston 44. A mouldable ma- 
terial C is charged into bore 24 below the 
piston 44 so that downward movement of 
the piston by rod 42 extrudes material C 
through orifice 26 and through diameter 
changing mechanism 12. 

The material C may be any of numerous 
materials which are susceptible to forming g 5 
by extrusion. Generally, this material will 
be a plastics material that is either hardened 
by cooling or hardened by a chemical pro- 
cess. The material must have a consistency 
so that it will hold the shape into which it 9 q 
is extruded. There are a number of ma- 
terials which have these characteristics; 
therefore, a person with ordinary skill in 
the art of extruding plastics would have 
little difficulty in selecting a proper, opera- 95 
tive material. 

The blank B may be subsequently used 
as a forming roll. For this particular pur- 
pose, the material C includes a mixture of 
a plastics material and finely divided metal iqq 
particles. Preferably, the plastics material 
is an epoxy resin which is mixed with proper 
chemicals to allow hardening or curing of 
the resin after it passes through apparatus 
A. The epoxy resin is filled with finely 105 
divided particles of steel so that the epoxy 
resin substantially wets all surfaces of the 
steel particles and bonds the particles in 
fixed relationship with respect to each other. 
Although a variety of grain sizes for the no 
steel particles may be used, it has been 
found that a grain size within the range of 
10 microns to .050 inches produces a rigid 
blank which, when ground to the final shape, 
can be used as a forming roll having wear 115 
. characteristics quite similar to solid steel 
rolls. In practice the steel particles have 
a grain size similar to a talcum powder. 

The amount of steel particles within the 
plastics may be adjusted; however, the steel 120 
particles must be proportioned with respect 
to the plastics material so that they will be 
completely wetted and held together by the 
plastics material. As the grain size of the 
netal Darticles approaches the lower limit, 125 
tHere is a substantial difficulty in obtaining 
proper mixins; however, proper mixing, is 
not an inpo^s : b ; lity. In fact, mixing of 
material including ultra-fine particles can 
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be accomplished by prolonged mixing in 
various laboratory or industrial mixers, and 
the resulting blank will have superior 
strength characteristics. It is appreciated 

5 that the particular use to which the blank 
B will be subjected will dictate the plastics 
material to be used and the grain size of 
the particles. 
Diameter changing mechanism 12, as is 

10 best shown in Figure 2, includes aplurality 
of individual elements 50 (see Figure 4) 
which are formed from sheet metal and are 
somewhat flexible in a direction perpen- 
dicular to their flat surfaces. These ele- 

15 ments have radially innermost edges 52 
which are arcuate in shape and extend be- 
tween terminal ends 54, 56. The elements 
50 coact to provide a shutter having a cen- 
tral opening 60 (see Figures 2 and 3) which 

20 is adjustable to produce a variety of dia- 
meters. Each element 50 includes a fixed 
pivot pin 62 adjacent the terminal end 54 
and a cam pin 64 adjacent terminal end 56. 
Pin 62 is best shown in Figures 2 and 6. 

25 The angle x between the element and the 
pin 62 allows the pin to remain substan- 
tially vertical, while the element itself is 
canted. By canting the elements, each ele- 
ment may lie over a number of other ele- 

30 ments to provide the shutter mechanism 
shown in Figure 3. The diameter of open- 
ing 60 is changed by moving elements 50. 
in unison, so that the innermost edges 52 
move radially to change the diameter of the 

35 opening. 

A variety of mechanisms and mechanical 
connections could be used for moving ele- 
ments 50, in unison to change the diameter 
of opening 60; however, in accordance with 

40 the preferred embodiment of the present in- 
vention, there is provided a housing 70 
bolted onto ring 28 by a plurality of spaced 
bolts 72. Housing 70 includes an inwardly 
extending flange 74 having circumferentially 

45 spaced apertures 76. These apertures re- 
ceive the downwardly extending, angularly 
disposed pins 62 so that these pins will pivot 
around a fixed axis. A spacer ring 80 sup- 
ports a cam plate 82 having a plurality of 

50 radially extending cam slots 84 to receive 
cam pins 64 of the shutter elements 50. 
Rotation of cam plate 82 moves the inner- 
most edges 52 inwardly and outwardly to 
adjust the radius of opening 60. 

55 To rotate cam plate 82, there is provided 
a drive gear unit 90 including a hub 92 
iournalled within ring 28 by bearing 94. 
The drive unit includes a gear 96 which, 
when rotated, moves the plate 82 by attach- 

60 ing bolts 100. To limit the rotary move- 
ment of plate 82, the plate is provided with 
an outwardly extending, arcuate slot 102 
which receives a stop" 106. The arcuate 
length of slot 102 determines the limits of 



angular movement for plate 82. As the 65 
elements 50 are shifted, the pins 64 slide 
within radial slots 84, in a manner illus- 
trated in Figure 3. 

Referring now to the control mechanism „ 
14, this mechanism includes a gear 10 driv- 70 
ingly connected with gear 96 and rotated by 
a shaft 112 through a key 114. The shaft 
is journalled within housing 70 and includes 
a lower gear 120. A driving gear 122 is ~~ 
secured onto the end of shaft 124 and is 75 
driven by a motor 126 mounted onto casing 
20. Input lines 128, 130 control the angular 
movement of the motor shaft 124. The 
motor shaft will rotate in one direction or 8ft 
another in accordance with the polarity of 
the voltage across lines 128, 130 and it will 
move angularly a distance determined by the 
duration and/or level of the voltage. It is 
appreciated that a variety of other arrange- « 
ments could be utilized for rotating the cam 
plate 82 and, thus, changing the diameter 
of the center opening 60. 

The motor 126 is controlled by a pro- 
gramming device 16 including a rack 140 go 
which is secured onto ram 40. A pinion 
142 is driven by the rack as ram 40 moves 
in an axial direction to extrude material 
through orifice 26. Essentially, the pinion 
142 senses the amount of movement of the 95 
ram which movement is directly correlated 
to the amount of material being extruded 
through the orifice 26 and the axial length 
of the extrusion. A control line 144 is 
connected with a sensing mechanism 150 so im 
that the axial movement of the ram is com- 
municated to the sensing mechanism. 
Mechanism 150 is selectively turned on and 
off by a signal in lines 152, 154 which lines 
are connected onto limit switches 156, 158, 105 
respectively. 

A cam 160 is secured onto ram 40 so that 
movement of the ram downwardly win first 
turn on sensing mechanism 150 by contact- 
ing limit switch 156 and then turn off the 110 
sensing mechanism by contacting the limit 
switch 158. Thus, the limit switches 156, 
158 control the operating duration of pro- 
gramming device 16, and the pinion 142 
controls the sensing mechanism 150 to in- 115 
form the programming device on the axial 
length of the extrusion. A programmer 162 
is driven by the sensing mechanism 150 
through line 164 which imposes a signal 
on the programmer in accordance with the 120 
axial length of the material being extruded 
Programmer 162 is programmed by an in- 
tertable card 166 having an indicia or code 
168 provided thereon. This card is inserted 
mto the programmer so that the pro- 125 
grammer will control motor 126 in accord- 
ance with the siqnal from the senser 150 
to produce the desired outer contour b on 
the blank B. It should be appreciated that 
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the programmer may be controlled by a 
tape, punch card, disk or any other control 
dewce common in the art of machine 

5 ^Referring again to Figure 1, there is pro- 
vided an auxiliary mechanism 170 to sense 
Z arial length of the blank B. This 
SlSi includes a frame 172 mounted 
aibstantially parallel with the feedlme j 

10 SdhSg ; a slot 174 with ,^ elongated 
rheostat 176 positioned therebehind. A mov- 
KSe 180tacludes a contact (not shown) 
movatue along the rheostat to change toe 
Sive resistance of .the rheostat as the 

15 £igth of the blank B increases Aground 
182 is secured at the upper portion ofthe 
rh^rtafl76while the slide 180 is efcetne- 
S^connected onto a line 184 extending ;to 
Se Sogrammer 162. A switch 186 setec- 

20 tivdfScte the line 184 with a voltage 
£,pply 188 so that the voltage > supply is in 
senes with the rheostat 176. A ground 190 
%mpS the electrical circuit firough the 
Programmer 162. As the axial kngth of 

25 theblank B increases, the current flow with- 
£ the Tune 184 decreases. [This is sensed 
£ the programmer to control the rate of 
movement If motor 126 in accordant wOh 
the proa-am set by card 166 This auxiliary 

30 Arrangement does away .with the need for 
ninion 142; however, switches 156, 158 are 
Si used to activate and deactivate the pro- 
2nmS f62. It is appreciated that ojer 
Sanisms could be provided for sensing 

35 the length of the blank to correlate changes 
in diameter to the axial position of the 

"SfeSf tSSre 4, element 50 includes 
anosel92onend56. This nose is denned 
40 by a raduTsr which has a length that makes 
the length of edge 52 approximately 160 
and which has a center on an arc 194 con- 
centric with edge 52 and through the fixed 
S axis of pin 62. This center is spaced 
45 SPfrom the fixed axis so that the nose 
has proper clearance when moving with re- 
spect to the other elements. 

In Figure 5. a modification of the ele- 
ments 50 is illustrated. ™s edification 
50 50a includes an increased body width de- 
fined by an expanded outermost edge 200. 
Ed«e 52a remains substantially the same as 
ed^e 52. The increased width of the ele- 
ment substantially enhances its rigidity 
55 while not affecting the function of the ele- 
ment in developing the shutter opening 60. 

After the blank B has been cured by 
cooling or by hardening in another manner, 
the blank is cropned to form square edges 
60 202, 204. See Fiaure 7. The blank in- 
cludes a central bore 206 formed by plug 
32 during the extruding operation. The 
hardened or cured blank B is positioned 
between supports 210. 212 and expandable 
65 mandrels 214, 216 engage the bore 206 to 



secure the blank with respect to the sup- 
S A gSng wheel 220 having an 
ffi" contou^mSlnng the desked finished 
contour of the forming roll is ^ b ™g* 
into contact with the outer contour b of the 70 
bladTand grinds a final, finished surface 
on the Want Thereafter the bhnk may 
be used as a forming roll. It has been 
found that this type of forming roll has a 
substantial life and is relauvdy mexpensrve 75 
to produce when compared with the prior 
method of first turning the blank and then 
finish grinding the same. ^. 

Referring now to Figure 8. a modification 
of the preferred embodiment of the inven- ™ 
tion shown in Figures 1—6 is illustrated. 
In this embodiment the ram 40 is pro- 
vided with a removable cam 230 having an 
outwardly extending cam surface 232 which 
generally matches the desired final contour » 
for blank B. A senser 234 having a cam 
follower 236 and power leads 238. 240 is 
positioned adjacent the surface 232 so that 
movement of the ram win reciprocate fol- 
lower 236 and cause the motor 126 to rotate 
in the proper direction and the proper 
amount to control plate 82. This is only 
one of many other arrangements which 
could be utilized for controlling the dia- 95 
meter changing mechanism 12. 

In fact, the diameter changing mechanisms 
may be modified. Such a modification is 
illustrated in Figures 9 and 10. A housing 
250 is secured by bolts 252 onto ring 28. 
A plurality of generally rectangular blades lw 
254 are slidably received within a stationary 
«uide plate 256 having blade receiving wots 
258. The blades are movable only in a 
radial direction in the slots 258. and each 
blade includes a radial innermost edge 260. 105 
These edges coact to form a shutter mecha- 
nism having an opening 262. Each edge is 
oenerafly straight and normal to the axial 
direction in which the Wade moves. A 
cam plate 270 is rotatably mounted within 110 
the housing and includes a plurality of ar- 
cumferentially spaced arcuate slots 272 
which receive cam pins 174 secured to the 
outermost ends of the individual blades. A 
gear 280 is secured onto the cam plate and 113 
includes a hub 282 journaDed within ring 28 
by a bearing 284. A control drive gear 290 
rotates the cam plate 270 to move the in- 
dividual blades 254 radially. This changes 
the diameter of the opening 262 and con- 120 
trols the diameter of the blank being ex- 
truded through the apparatus. It is appreci- 
ated that other such modifications could be 
made in the diameter changing mechanism 
without departing from the intended scope 125 
of the present invention. For instance, the 
individual blades could be dectro-magnetic- 
ally or hydraulically operated without in- 
volving more than ordinary skill of a person 
in the extruding. 
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The present invention has been described 
in connection with certain structural em- 
bodiments; however, changes may be made 
in these embodiments without departing 
5 from the scope of the invention as defined 
in the appended claims. 

WHAT I CLAIM IS:— 

1. An apparatus for forming a contoured 
cylindrical blank having diameters which 

10 vary in the axial direction, including an ex- 
truder for forcing a mouldable material 
through an orifice; means for controlling the 
diameter of said blank, said means being in 
the region of said orifice; said diameter con- 

15 trol means including a shutter having a 
generally circular opening through which 
said material is forced, and means for 
changing the diameter of said circular 
shutter opening as said material passes 

20 through said opening to change the external 
diameter of said extruded material; and re- 
mote means for controlling said diameter 
changing means in accordance with a pre- 
selected pattern whereby said material has 

25 a contoured outer surface with diameters 
varied in an axial direction. 

2. An apparatus as defined in claim 1 
wherein said shutter is formed from a plur- 
ality of elements, the innermost portions of 

30 which define said shutter opening, and said 
diameter controlling means is a mechanism 
for shirting in unison said innermost por- 
tions in a radial direction to change the 
diameter of said opening. 

35 3. An apparatus as defined in claim 2, 
wherein said elements are blades and said 
innermost portions are edge portions of said 
blades, said shifting mechanism including a 
mechanical connection for moving said 

40 blades in unison to shift radially said edges. 

4. An apparatus as defined in claim 2 
or claim 3, wherein the inner edges of said 
innermost portions are arcuate in shape 
with the arc of each element extending be- 

45 tween terminal ends of said elements and 
generally within a plane perpendicular to 
die feed direction of material through the 
opening, one terminal end of each element 
being connected onto said diameter control 

50 means to pivot around an axis generally 
parallel with said feed direction, and said 
mechanical connection being a plate with 
' a plurality of cam slots, said other ends of 
said elements being slidably received in said 

55 slots, means for rotating said plate about 
an axis coinciding with the centre of said 
shutter opening whereby rotation of said 
plate shifts said innermost portions radially 
with respect to said feed direction, and said 

60 remote means including a motor means for 
rotating said plate. 

5. An apparatus as defined in claim 2 
or claim 3, wherein the inner edges of said 



innermost portions are generally straight in 
shape, and including guide means for guid- 65 
ing said elements along straight lines gener- 
ally radial of the feed direction through said 
opening, said edges being on the radial 
innermost portion of said elements and 
generally normal to their respective straight 70 
lines, said remote means being a motor 
means for moving said elements in unison 
along said straight lines. 

6. An apparatus as defined in any one 

of claims 1 to 5, wherein said remote means ' 5 
includes a means for sensing the axial length 
of said material being extruded and pro- 
gramme means for changing said opening 
diameter in a preselected pattern and in ac- 8n 
cord an ce with said sensed length. 

7. An apparatus as defined in claim 6 
wherein said extruder includes a ram, and 
wherein said sensing means is drivable by 
said ram, the axial position of said ram 8 * 
being sensed as the axial length of said 
material being extruded. 

8. An apparatus as defined in any one 
of claims 1 to 5, wherein said remote means 
includes a cam movable with said extruded 
material, said cam being contoured to ^0 
correspond with said desired shape, and a 
follower driven by said cam and means for 
converting movement of said cam into 
changes in diameter of said shutter opening. 

9. An apparatus as defined in any one 95 
of claims 1 to 8, and including a plug sup- 
ported within said extruder and extending 
through at least a portion of said orifice on 
the axis of said shutter opening to provide 
said blank with an internal bore matching 100 
the transverse periphery of said plug. 

10. An apparatus as defined in claim 1 
or any one of claims 6 to 9 as appendant to 
claim 1, wherein said shutter is formed from 

a plurality of blades each of which have a 105 
radially innermost portion and first and 
5econd end portions, the inner edge of said 
innermost portions being shaped as an arc 
extending between said ends and in a plane 
generally perpendicular to the direction of HO 
feed through the opening, said blades hav- 
ing their first ends pivoted about fixed axes, 
said fixed axes being spaced around said 
shutter opening, and said diameter control- 
ling means is a mechanism for moving said l* 5 
second ends of said blades in unison and 
in a path generally concentric with the 
centre of said shutter opening whereby the 
effective diameter of said opening is 
changed by movement of said blades. 120 

11. An apparatus as defined in claim 10, 
wherein said arc is more than 90° in length. 

12. An apparatus as defined in claims 
10 or 11, wherein sa'*d second terminal end 

is arcuate in shape, the centre of which arc 125 
is Tn C itPd on ;m arcuate line concentric with 
said arcuate edge and passing through said 
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feed axis and spaced from said fixed axis 

by i3 PP A X ^^d of forming a contoured 
cylindrical blank for subsequent use as a 
forming raO. including the s^s of extrud- 
ine a mouldable material which mcludes 
finely divided metal particles through a or- 
cular opening; changing, by means remote 
from the extruder, die diameter of aid 
circular opening during the extruding step; 
and controlling saM diameter changes to im- 
part to said blank an outer contour ^ner- 
aSy corresponding to the desired outer con- 
tour of the forming rolL 

14 A method as defined in claim 13. 
wherein said mouldable material is a ma- 
ture of a plastics material and finely divided 
steel particles embedded within and dis- 
persed throughout said plastics matenaL 

15. A method as defined in claim 14, 
wherein said plastics material is an epoxy 

TCS \6 A method according to claim 15. and 
including the steps of cutting off said ex- 
trusion at two axially spaced locations to 



separate said contoured portion from said 
ortrusion and produce a blank; curing said 
blank; and grinding said cured blank mto 
the desired final dimensions, which dimen- 
sions generally correspond to the contour 
of said blank. 

17 An apparatus for forming a con- 
toured cylindrical blank, substantially as 
herein described with reference to. and as 
illustrated in, Figures 1 to 4, 6 and 7 or 
Figures 1 to 4, 6 and 7 as modified by 
Figures 5 , 8 or 9 and 10 of the accompany- 
ing drawings. ^ . 

18. A method of forming a contoured 
cylindrical blank, substantially as herein 
described with reference to Figures 1 to 4. 
6 and 7 or Figures 1 to 4, 6 and 7 as 
modified by Figures 5, 8 or 9 and 10 of 
die accompanying drawings. 

A A THORNTON & CO., 
Chartered Patent Agents. 
Northumberland House, 
303/306 High Holborn, 
London, W.C1. 
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